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1 ‘ " Qur invention relates generally to camera shutters and
F:v-norev paﬂicularly to a focal pli.ne shutter of the continually rotat-
ing tyve.

Focal plane shul m:- are commonly of the curtain type

5 : whoroh tho curtatn inclndu a .uz which is swept, by motion of
| the cnrtatn. acroes the surface a! film located directly behind

the curtain, exp‘d'ning the ﬁlm’. Focal plane shutters gencrally v

are capable oi much higher effective shutter speeds since film

cxponusc time l- propnrtlml to the out width and the slit velocity
10 across the !ﬁm A betwcendho-lens ghutter is dependent upon

the total time nqnired to open the whole lens aperture and to close

off the light completely. It can be seen that much less tire is re-

quired to sweep 2 slit across & dlscrete grain of emulsion ag in a

focal plane lhumr. Thus, focal plane shutters produce exception-
1% ally ume point imago degradation in a photograph which is due to
* : - : {mage motion ro.ﬂting from relative motion between camera and
vphotognphed objoét or area. This degradation occurs, for ex-
ziniplc. when the camera is operated in a moving vehicle such as

a high speed aircraft in photographing the terrain below. The

20 i)oint tmag'e degradation is reduced bacause the slit exposes an
| incrcmantal area of film at any {nstant, and is correspondingly
_much I_en. The slit can usually be varied in width and the curtain
q_ieved em be adjusted to‘m&oe picture conditions such as bright-
’n.ou and object x_notion.

25 : The curtain type of focal plane shutter requires rapid starts

-le

D o
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1 and stops in exposure operations, however. This causes a good
deal of reaction shock which is severe in large cameras and
materially affects the life of the ghutter. Long focal length
lenses mounted in curtain type focal plane shutter cameras are

5 particularly susceptible to this shock. Of course, focal plane '
ghutters can provide high shutter speeds not easily obtainable
in other types of shutters. |

It is an object of our invention to provide a shutter mech-
anism which h.as extremely little reaction shock in a shutter oper-

10 ation. |

Another object of our invention is to provide a high speed
shutter, and one in which shutter speeds can be easily varied.

Another object of the invention is to provide a focal plane
shutter in which an infinitely adjustable slit width can be obtained

15 over a wide rangse.

A further object of our invention is to provide 2 focal plane
shutter wherein slit width is automatically adjusted according to
light conditions of the object or area being photographed.

A still further object of this invention is to provide a shutter

20 which can be oﬁsratad in reaponse to a signal pulse and which does
not permit double exposures over the pulse duration.

Briefly, we prefer to accomplish the foregoing and other
cbjecte by providing a focal plane shutter including a continu‘ally
rotated disc having a ’nector cut therein and a movable butterfly

25 blade which is rotated with the disc and ‘normally covers the
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sector cut. The disc can be driven at any desired constant speed
througf: a large shutter disc idler gear and a differential geari
train including four gears mounted in a quadrilateral arrangement
wit.h one 'g;m- at each corner is px;ovided to drive the butterfly
blade in synchronism with the disc through a large butterfly

blade idler gear. The qund_rﬂatéral differential gear arrange-
ment can be modified by compressing and expanding the diagonal
axes of the quadrilataral to change the position of the butterfly
blade over the sector cut to provide a slit for scanning (sweeping)
an aperture to expose film suitably disposed beyond the aperture.
The slit is opened, w_hen an exposure is desired, to sweep the
aperture and thon closed in a single rotation of the disc, and the
shutter is ready for another exposure operation if required.
Means are provided to control the alit width that is obtained for
an exposure according to the brightness of the object or area to
be photographed, and a control circuit which includu a commu-~
tator and relays prevents double .expcsnte.

Our inveation possesses numerous vother objects and
features, some of which together with the foregoing, will be set
forth in the following description of a preferred embodiment of
our invention, and the invention will i)e more fully understood
by reference to the attached rdrawings. in which:

Figure 1 is a simplified drawing of a camera employing
a shutier and control system according to our invention;

Figure 2 is a top plan view of a shutter of preferred

Declassified and Approved For Release 2012/06/14 : CIA-RDP89B00487R000400680001-7
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1 construction; |
Figure 3 is a side elevation view of the shutter of Figure 2;
Figuro 4‘h‘~a bottom view of the shutter of Figure 2;
Figure 5 is. a sectional view taken along the line 5-5 as
: 5 ﬂwwn in Figure 3;

Figures 6, 7 and 8 a_rc‘nctibnal views of the shutter shown
in nme 4, taken along the lines 6-6, 7-7, and 8-8, respectively;
_Figure 9 is an exploded perepec‘tive of the main drive
mechanism for the shutter;
100 Figure 10 is another exploded perspective illustrating
construction of slit width control elements for the shutter;
" Figure 11 ie a graph inﬁatrating commutator operation
in the nhutur; |
v | vmgnra 12 is a circuit diagram of a preferred control
is circuit for the shutter; .
| Figure 13 is a circuit diagram of a preferrad photocell
 gervo circuit; and
Figure 14 is a dt.agrammtic dxawikng of a control unit in
the photocell u_:ﬁ)o circuit, s ‘

20

25

e
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An a.§rial camau. 10, for exarple, smploying a shutter
according to our invention is diagrammatically iliustrated in
Figixru 1. The camera 10 is generally conventional, having a
magasine section 12 contalningv a supply spool 14, takeup spool 16,
guide roller 18, metering roller 20, and a pressure roller 22.
Film 1s indicated by the broken line F. A lens cone 24 couples
lens section 26 to the magasine section 12, Shutter 28 .is positioned
between lens 30 and diephragm 32 such that the shutter disc lies in
the focal plane of lens 30, Lens 30 is used to focus an image onto
film ¥ as exposed by the shutter diec rotating in the focal plane

adjacent to film F. Thus, the shutter 28 fuhctions as a focal

_plane shutter, in this example. It is obvious, however, that the

shutter 28 can be adapted for uge as an ordinary between-the-lens
ghutter.

The shutter 28 ie fastened to the lens cone 24 with the
shutter disc insertad into a slot cut in the wall of lens cone 24,
ina phne perpendicular to the wall and common axis of the lens 30.
Clamps 34 engage the body of the shutter 28, holding the shufter
disc perpendicular to the common axis of the lens 30. A light tight
connection ig obtained at the juncture of shutter 28 and lens cone 24.
The shutter disc serves a substantially square aperture having
alightly rounded corners in diaphragm 32.

The’ clampe 34 engage with pins 36 which are positioned

laterally across slots 38 in upper and lower housing sections 40

‘and 42, respectively, to hold shutter 28 to the lens cone 24. These

-5
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1 pins 36 and slots 38 are clearly shown in Figures 2, 3and 4
which are respectively a top plan view, side elevation view along
the line 3«3 in Figure 2, and bott&m plan view of the shutter 28.
In Figure 4, cover plate 44 (see Figure 3) has been removed to
5 show internal structure. |
The exteriorippe#rance of a preferred embodiment of _
our invention is illustrated by Figures 2, 3 and 4. Referring to
these three figures, the shutter 28 is geen to comprise a gener~
ally rectangular housing formed from the normally upper and
10 lo;avcr housing sections 40 and 42 which are fastened together
by screws suitably spaced around the sides of the upper and
lower housing sections 40 and 42 through protruding flangeas as
shown. The upper housing section 40 mounts a normally constant
speed a. c. motor 46 and a d.c. motor 48. The a.c. motor 46 ie
15 attached to a triangular base plate 50 which s, in turn, supported
by three protuberant cylindrical bases 52 triaagularl-y spaced on
the upper housing section 40. The three protuberant bages 52 -
can be part of the upper housing casting and the base plate 50 is
fagtened at each corner by screws to the protuberant bases 52.
20 The output shak of the a.c. motor 46 drives the shutter mechanism
through in-line coupling 54. A pushbutton switch 56 is aleo mounted
on the upper housing section 40, and an elqctrical receptacle 58
exgonds {rom the back end.
| The upper housing casting 40 is drilled to accommeodate a

28 bearing 60 press-fitted in the hole, Similarly, a corresponding:

b
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h@_h is ql_rﬂ!éd in il_la lower hoﬁamg' cdaﬂng 42 to accept bearing 62
eilido’prus-ﬂﬁed"ln the corresponding hole, A shutter disc 64

baving a »3:o digrée séct‘or” cut 66 1e rotatably mounted on an axle

’ -haft 68 for free rmucu. the azla shaft 68 being additionally

Jourunpé in tha bearlngn 60 and 62 uapectively at each ead.

A buturﬁy blade 70 14s amxaa to axle shaft 68 to rotate integrally

therewith, Tho-bumrﬂy blade 70 has been moved aside to an

,abuormal panttion in Figure 4 to uhaw tlu sector cut 66 more

clearly, The btmcrﬂy blade 70 is cloacly spaced axially to the

b_lirsuvtﬁr.r'dhc’ 64 ’a’udv is ieparated from direct contact by small
nylon ‘l.mttoni' 72 atfixed nedr the periphery of the butterfly blade
iiding on the surface, near the edge, of the shutter disc 64. The
mr'ﬂy blade 70 is normally used to cover the 30 degree sector
cut 66 and can be moved witb n;o-pofct to the cut 66 to provide an

adjultnbh wtdth -m for lwuptng acrogs the aperturc in dia-~

-»phragm 32 and oxpoaiag the ﬁlm F.

“The lower houlng acetloa 43 includes a rectangulnr box

- frame neagn which is normally covered by‘cover plate 44. This

cover plate 44 has been deleted in Flg’uﬁ 4 to reveal the position,
in plan view, of & commutator 74 which is axially aligned with

and mounted on a shaft 76 driven by the a, ¢. motor 46 through

 the coupling 54. A brush assembly 78 {s mounted near the com-

mutatbt 74 such that the udlvoi the brush agsembly body is par-

anel ta the ads of commutator 74 and wire brushes 80 ride firmly

againlt the side of the cyundricauy shaped commutator 74, A 7

“Te

ot

T et
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flat diacy commutator for cormpactness can, of course, be used
instead. ‘I'tu; shaft mounting th% cohnmutator 74 rétates ina
' f:eartng (166) prco'o—flﬁed in lower houeing section 42 directly
over the commutator 74, 'fhe brush assembly 78, however,
5 is rigidly ﬁs,toaa‘d to the lower housing section 42 by means of
a screw passing through an anial bole in the center of the brush
assembly's cylindrically ehaped body. A potentiometer 82 is
mounted on the lower housing section 42 to one side within the
box frame section as are commutatox; 74 and brush aseembly 78.
10 Tl;e potentiometer 82 can be adjustsd in wiper position by the d.c.
motor 48 which couples with the wiper shaft of the potentiometer
82. A terminal board 84 is located beside the potentiometer 82 |
to facilitate electrical connections with commutator 74 leads,
Deta.ilgd illustr-‘ntion of the preferred embodiment of our
15 invention is brov!ded by Figures 5, 6, 7 and & which are views
obtained when taken respectively along lines 5-5 in.Figure 3, lines
66, 77 and 8-8 in Figure 4. "I’he view provided by Figure 5 is
simply that of thg bottom view of the upper housing aectign 40,
the lower housiag a‘action 42 being removed and the shutter disc
20 64 and butterfly blade 70 partially broken a\w;!y to show the shutter
drive mechanism. The ghutter disc 64 having the 30 degree sector
cut 66 when at bottom center as shown in Figure 5 is normally
covered by tﬁe batterfly blade 70 equally centertz;d over the 30
degree sector cut 66. The butterfly blade 70 is rigidly secured

25 to axle shaft 68 by a pair of set scrows, like set screw 86, posi-
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| 1 tioned at right angles in the hub of the blade 70 (Figure 5). The
| shuttar disc 64 has rigkﬂy affixed to its hub a gear 88, and the
‘hub and gear 88 are meunted for rotation on axle shaft 66 on
a set of bearings 90. Just above gear 88 ie pvouitioneé another
5 gear 92 which is integral with axle shaft 68. Rotation of gear 88
{ndependently turns the shutter disc 64 about axle shaft 68, and
rotation of gear 92 turns the butterfly blade 70 and axle shaft 68,
The‘ shutter disc gear 88 meshes with a large idler gear 94
and the butterfly bla.de. gear 92 meshes with a large, split idler
10 gear 96 which is conventionally composed of two adjacent gears,
independently rotatable but céupled togother by a spring 98 to
eliminate backlash, the spring-coupled gears acting as one.
Shutter diué {dler gear 94 and battofﬂy blade idler gear 96 are
rotatably carried on a fixed axle shaft 100 on independent bear-
15 ings 102 and 104, respectively. The axle shaft 100 is driven
{nto a drill hole in casting 40 on one end, and the other end is
pressed intc a drill hole in an overlying bracket member 106
which is a metal strip positioned on dowel pins 108 and 110
respectively set in upright bases 112 and 114 protruding directly
20 f;'om and which are part of the upper housing casting 40, The
overlying bracket strip 106 is secured to the bases 112 2nd 114
by screws 116,
Also rotatably mounted on the fixed axle ehaft 100, on
oneﬂand. is a spring loadegi lever arm 118, the other end of which

28 cooperates with a solenoid latch 120, Spring tension can be ad-~
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o _ !' h 'justsd hy moving an adjuatment serew 122 pasaing through the
B .-bane 114, in or out to va.ry the eompreseion of spring 124 k
which {s brakcad ‘bega ‘t_h’evlveyo‘r_am- 118 and the base 114.
| scr;v; 122 ca'x;' be locked ﬁplac‘ﬁof b,é tightening nuts 126, A
| 5 volhr bouing 1zs is urrio& about midway on the lever arm 118

and mpemt« with hamontc cem 130 whiuh is seeund to

‘ ) o . nhait 16 to rotate tharewith to:prodnco-harmonic motion. The
} : harmonia eam 139 wcrk;u aga.in-t the roller buring 128 each
e o revolutiaa to remru laver arm 118 to a latched pouittan or to
’ ?1’6 o rach the Xavur arm 118 on itn pivot axle 100, momentarily raiao
R ing the. ond of the lever arm 118 a uulo eff the catch of the
~ solenatd latch 120, when latched.
. A'set screw 132_ is threa.dqd tﬁ:b&éhvthe body af. lever
~ arm 118 near tixe la_t@:i:in@ el_id »an& ﬁau bo'adju#t:ad in position
' ‘.1‘5 - by av lock x;nt l>34.*-so mtvtﬁi.! distance between the tip of tbc set
‘screw 132 md eho working aurfau of a-slit width control cam 136
_can be adjustabls, The allt vidzh concrol cam 136 is a Hnear cam
mounud aud'gcqgud to the omp\:t shaf_z 138 of the d.c. motor 48
as can be ._cm;;zy' seen tn ri;g:iégg 7 and 8, The output shaft 138
20 ‘also mounts and drives two control cams 140 and 142 which coop-
. erate z;ﬁspéctivalj;.vwith limit switches IM.M 146, The came 140
‘andku;z ,an_u‘zquaé dt_écu--gach having a flat portion ground on it.
""Fina;l__lyv. the output shaft 138 {s coupled to drive the wiper of the
?otcnt!ometer@!, as stated previcusly above. ‘I'hus. the linsar
28 cam 136. control c#mg 140 and 142, al.nvdﬂt‘_he' wiper of potentiom-

~

-10~
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1 eter 82 can be adjusted in position by the d.c. motor 48, It
should be noted that the terminal Soard 64 and solenoid latch 120
were omitted from Figure 7 for clarity of illustration, and, -
similarly, the potentiometer 82 and control cams 140 and 142

5 | wera omitted from Figure § for the same reason.

The targc butterfly ﬁladg idler gear 96 meshes with a
gear 148 which, _in turn, meshes with the upper half of a wide
gear 150, the lower half of which meshes with gear 152, Gear
152, in turn, meashes with the large shutter disc idler gear 94.

10 The gear 152 is mounted and secured to the drive shaft 76 driven

| ‘by the 2. c. motor 46, The gear 148 is rotatably mounted through
bearings oa a shaft 154 which is journalled at the ends respectively
in the body of lever arm lis and in one end of & radius arm 156,
the other end of which is rotatably carried by the fixed axle shaft

15 100. The go’ar 148 is thus constrained to mesh with the large
butterfly blade idler gear 96 and can be revolved about the axis
of shaft 100 on the supporting arms 118 and 186, The ends of
the axle shaft 158 of the wide gear 150 are rotatably supported
and carried at the common jnnctﬁre of two sats of connecting

20 links 160 and 162 which brackst and connect gear 148 to wide
gear 150, and gear 152 to the ﬂdc gear 150. The arcuats con~
necting links 160 and the straight connecting links 162 join at
the ends of axle shaft 158 on both sides of the goars 150, and
all three gear axles 76, 154 and 158 are fres to rotate ia the

25 bracketing link connections, Thus, movement of gear 146 due

iy

-11-
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to any anguiar movement of lever arm 118 and radius arm 156
about the axis of {ixed axle shaft 100 causes the wide gear 150
to shift angﬁ!aﬂy in position on the links 162. The floating
gear 150, however, is constrained to mesh continually with
both gears 148 and 152, It is noted that the relatively long
output shaft 76 is supported at two places by bearings 164 and

166, commutator 74 being secured to the end of the output
shaft 76, Four seto of wire brushes 80 (Figure %) rdde on two
slip rings 168 and 170, two sets to a slip ring.”

7 The drive gear 152 securad to the output ghaft 76 of the
a.c. drive motor 46, drives the shutter disc 44 at a constant
speed through the large, fixed axis, shutter disc idler gear 94
which me;ahea with shutter disc gear 88 affixed to shutter disc 64,
The drive gear 152 also drives the buttarfly blade 70 through a
differential gear train comprieing gears 152, 150, 148 and 96

which are mounted as a var;ﬁable quadrilateral with one gear at

-each corner. By compressing or expanding the short diagonal

axia of this quadrilateral, whi;h. of courge, expands or com- A
presses the longer diagonal axis, gear 9¢ will rotate with respect
to coaxial gear 94. Thus, if all these gears are rotating at a
uniferm speed, any change in distance between axles 76 and 154
will result in gear 96 changing ite position by 2 few tecth relative
to gear 94 |

In normal operation, the shutter disc 64 and butterfly

blade 70 are both driven by drive gear 152 at the same speed

-12-
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through theix; respective gears. The shutter disc 64 is driven,
for example, at 500 r.p.m. by a 400 c.p.s., 117 volt motor,
geared down f:otz_i 10,500 r.p.m, This gearing can be verizble

or motor speed can be adjustable as desired. The butte'r!‘ly

blada 70 covers the sactor cut 66 in shutter disc 54, and is

equally»_‘spaced'okr’er the cut 66. The movable lever arm 118

ig held by the solenodd latch 120 fn ghiu conditicn. To effect an
qznéosura. the sector cut 66 is uncovered pardy or 211 the way
by moving the butterfly blade 70 to one side o that 2 slit of

predetermined é,ngulnr width can sween the aperture in diaphragm A

poeitioned juet behixid«thof shutter disc 64. The slit width ie agtab-

liihe& by the c‘qntact position of the linear cam 136 relative to the
tip of the aet screw 132 near the latching end of lever arm 118,

The position of the linear cam 136 is adjusted by the d, c. motor 48

‘which can be controlled by an electronic system described later,

The a.c. motor 46 drives the harmonic cam 130 a.a well
as the commutator 74. The harmonic cam 130 and the commautator
14 aré set on drive shaft 76 in a parﬁcular relative position for
synchronizing system motion, An electrical pulse which is applied
to the solenoid latch 120 operates the shutter roechanism whenever

ap exposure is to be made. An electrical circuit which can be

"~ - used to control shutter operaticn will be shown and described

subsequently. The orientation of the harmonic cam 130 {8 such
that the lever arm 118 s raised slightly off the catch of solenoid

latch 120 before a pulse {s applied to the solenoid. The catch can

-13-
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| then be pulled back easily and with certainty to permit the lever
arn; 118 to be driven forward by the precompressed spring 124
as the harmonic cam 130 is moved away from roller bearing 128.

The lever arm 118 will move an amount determined by

5 the setting of the linear cam 136 ;gainag a peint on which the tip
of set screw 132 will be sto_pped. The‘liaear cam‘136 can be
rotated to any poo_itiou within a 270 vdegtee range by the d.c.
motor 48, The movement of lever arm 118 compresses the
short diagonal axis of the quadrilateral formed by the differen-

10 tial gear irain including gears 152, 150, 148 and 96. The move-
ment of axle 154 toward the fixed drive shaft 76 causes the butter-
fly blade 70 to move rolatﬁvev to the shutter disc 64 by the trans-
ferred motion of movable geéro 150 and 148, &nd uncovaer the
sector cut 66 with a slit wﬁoso width is dependent upon the getting

15 of linear cam 136, The spring loaded lever arm 118 rolls smoothly

) down‘ the contoured side of the harmonic cam 130 on roller bearing
128 as the cam 130 rotates and no reaction shock or vibration
occure, This cam 130 is profiled so that all differential rmnovement

“between butterfly blade 70 and shutter disc 64 i-‘ completed before

20 the slit opening reaches the optical path,

After the trailing edge of the slit opening has passed the
far extreme of the optical path (of the diaphragm aperture), the
harmonic cam 130 begins pushing the lever arm 118 outwards, .
expanding the “s.hort, axis of thed differential gear train quadrilateral,

e

25 slowing down and restoring the butterfly blade 70 to its original

~14-
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position relative to shutter disc 64. The spring 124 is com-
pressed in the process, ’amd the lever arm 118 is pushed past

the spring loaded catch of solenoid Alatch 120, which subsequently
holds the lever arm 118 until another pulse is applied to energize
the solenoid,

Electri;él components including relays Kl and K2 are
mounted within the shutter housings as shown in Figure 5, and
the d. c. motor 48 can be an assembly which is understood to
iucinda filters 172 in the power lines to the motor. Figure ¢ is
an exploded view generally of the ghutter geprtng mechanism.
The shutter disc 64 {s driven by the large gear 94 and the butter-
fly blade 70 is diivon by the large gear 96. The a.c. motor 46
(not shown) couples with drive shaft 76, Spacers, washers, set
screws; etc., are clearly shown here, and the difforent elements
previously described are identified by their particular reference
numbers. Figure 9 isintended to doubly clarify the construction
of the main parts o{ shuttey 'mt.achanium and it is not bslieved that
a detailed description of Figuré 9 is necessary. The same hoidn
true for the exploded perspective of Figure 10, wh‘ich is also
intended to doubly clarify the slit width control mechanism.
Elements shown in phantom lines (Figure 9) are repeated views
of a currosponding'elomcnt in solid lines, to clarify assembly
arrangements,

Figure 1l is a graph which illustrates commutator 74
action and will be deacribed together with the general electrical

~15<
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»cmttol circ\;tt for the ahnttct chowu tn F&gure 12. The slip
rings 168 and 170 of commutator 74 driven by thc a.c. motor 46

" are kl'ehamatvieany-_-hown in ﬂgurrlz a8 two pairs of rings, each

pair being aliété{cnliy conniccié' éoget’ﬁej by a jumper wire. The
brulhu aro labeled 80a, 80b. 800 and 80d and ride on the four
rtngc. one to n ring. The pain of ringa 168 and 170 are chnply

-ynchronis_ed, switches, The circuit between brushes 80c and .

‘ ‘30d is ’-brbken 1'0!- 15 doguu o’at‘ol every 360 deg:‘eu revolu-

uoa of tho ccmmunf.or 74 and the ch-cuit between brushes 80a

and 80b is also brokan 75 dogrccn ov.ry revalution of the commu-~

" tator. 74. The citcnit between brnshn 80a and BOb. however, ia
._ broken 15 dogreu dtar the circuit betwean bruohu 80c¢ and 804
'v"h cloud. This {s {llustrated by the bar graph of Figure 11,

! The bar labelcd 168 reprennu the action of slip ring 168 and

the bar labeled HQ repreun“ ‘the action of nup ring 170, A

. break in a bar represents a biqak’ in the circuit, or opening of

'thezcommmmr"k""switeh“. Of course, the ends of the two bars-

 are join‘zd'to the beginning and are not to be considered breaks.

n s notad that thon is an over!app!ng section of 15 dagrua
botwun breakn wherein both commutator "switches' are closed.
Oporaﬁ_on of the shutt’dr,{_or an exposure can be effected
by.euergiuﬁon of the ipleé_oid_ latch 120 bf an electrical pulse.
The .x'eemcax'vpuxu in this instance is governed by the awitching

action ofa progia&nmor switch 174 connected to ground, The

pi-wg'rah:mer switch 174 is moved from contact 174a to 174b and

] be
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1 - back to 174a to cause energization of solenoid latch 120. This
switching action in normal oparaﬁon can produce a ground pulse
of approximately 0.2 to 0. 4 second. Since the shutter disc 64
{s rotated at 500 r.p.m., a single phutter operation takes

L a;‘bout 0.1 second. The commutator 74 and relays Kl and K2
are employed to prevent ovarlapping or double exposures.

One endmf the coil of solenoid Jatch 129 i connected
to +28 volte d. c. and the other eﬂdcu be connected to ground
th;mgh pushbutton switch 56 for test purposes. A rectifier

‘10 diode 176 tab'connectod across the solencid coil as shown to
absorb inductive "kick-back'’ energy of the coil. Normally,
the pnnhbuttoi switch 56 is not in use, and the latter énd of
the solenoid coil comiectlng with the anode of diode 176 which
connects with ralay contact Klb, can be groun;ild through pole

15  Kle when relay K1 is energized.

A resistor Rl connects +28 volts d.c. to brush 80d and
programmer switch contact 174a. This resistor Rl also connects
the +28 volts d. c. to pole !:iza @d to the upper end-.of the control
coil of relay K1. Contact K2b is comécted to one end of the

20 | control coll of relay K2, the other end of which is grounded, and
‘to contact Kla thtoﬁgh ; resistor R2. The brush 80d can be con-
nected through commutator switch 170 to brush 80c which is con-
nected to contact Kle. Lower relay poles Kld and K2c¢ are both
connected to the lower end:: of the control coil of relay K1. The

25 brush 80a is connected to programmer switch contact 174b and
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1 brush 80a can be connected through co@uﬁétor switch 168 to
brush 80b which is connected to contact K2d of relay K2, Upper
relay pole Kle is grounded, and contact K1f is connected to +28
vﬁm d.<c. through indicator lamp 178, This lamp 178 is normally

5 lit steadily and goes off mementarily to indicate visually to an
ohserver that an exposure (shutter operation) was made. Of
course, a recorder can be substituted for lamp 178, each neg-
ative pniae representing an exposure. Similarly, aa electronic
counter which is Vrenvp‘onsivc to a negative impulse can be ﬁrovided

10 in this circuit t§ record the aumber of exposures made.

The positioning of linear cam 136 is controlled by a
photocell servo circuit 180 which is shown in detail by Ftéurea
13 and 14, and wﬂll be fully described later. A photocell 182,
together with suiiﬁble focusing optice 184 to view and sense the

15 brigﬁtneu of an o.bje?.t or area. to be photographed, gon.rna the
positioning of 'Iinéar cam 136, inc)uding cams 140 and 142, through
the d. c motor 48 by the photocell servo circuit 180, Potentiometer
82 is actually a part of the servo circuit,
| The limit Qwitcheu 144 and 146 also connect with the

20 photoceil servo circuit 180 as indicated in Figure 12. Limit
switch contacts 1445 and 146a are connected to ground and con-
tacts 144b and 146b are both connected to +28 volts d.c. Switch 144
connects with 428 volts d. c. when the flat pbrtion of cam 140 reaches
a position to actuate the gwitch 144 to contact 144b, Simuirly. the

25 switch 146 is connected to +28 volts d.c. when gam 142 is rotated

-18-
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tos podttnn where tho flat porﬂ:on of the cam 142 actuates the
switch 146 to lower contact” Mﬁb An mgnxar range of. {or
. mmplc. 2?0 dagroaa is amnsble batween the two limits set -

‘ by the nat- on, cams uo and 142.

R ‘rho a. c. motor 46 also drive ‘ the harmon&c cam 130
whleh mrku w!tk the reller baaring 123 on spring-loaded lever
arm 118, ‘ ‘rhp set screw 1.3; when _ctcppcd a.guns_t a point on
linear cemUé. limite the movement :of"‘lavu arm 118. When
the!mrmonic Ft‘:am 130 raises the end of 'lfcvar #rm 118 off the
" igx;mid' ca'e¢‘£; the solenoid latch 120 e energized, pulling the
‘v catch awiyvfd‘ parm&t the fonef bearing 128 to roll down the side
Co ot Mrmoh!c cam 130 without sbock or effort. Shock due to the
» reaction of chaagc of motion of the butterﬁy blade 70 through the
gmr ttntn h abeorbed by tho largo and rolatlvely heavy shuuer
| diac 64 which bohsve: like a ﬂywhcel. The reaction of the change
‘ of mation of tho ught butterﬂy is balanced by an opposing change
B of motion ol' a much huvier rotatiug assembly (includmg shutter
v dtu. gears ;nd lever arm) which has & substantial flywheel effact.
P ﬁ’ﬁié. cdﬁélxed‘"wit‘h‘ . hm@ic cam profile to.npread this action
over u long a ttmc in&erval as pouible provides a nhockleu'

U fnhnmr. It should be notad that the sprlag 124 can be connected

aerou the dutorcnttal itulf, bctween axles 76 and 154 (gears 152
and 148 nanuag) aad \uing gear 150 as the fixed axis drive gear,
to proyide' an.uccptionally .hocklu_u ahuttox. The lever arm 118

28 is re-latched after an exposure by the profiling of the harmonic

-19-
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cam 130 whiéh pushes the lever arm 118 back against epring 124
past the catch of the eolencid latch 120,

The operation of the circuit of Figure 12 can be described
with reference to the graph of Figure 11, For any particu&r
shutter éperation. the linear cam 136, which is positioned by
d.c. motor 48 and photocell servo eircuit 180, can be considered
to be fixed in some Lnatantauoqu_a posltibn since the brightness of
an average object area changes very little, if at all, during a
shutter (;poration which is extremely fast comparatively, and any
variation of brightness cannot be reflected in the system in an
operation,

\'fhen programmer switch 174 is connected to contact 174a,
as shown, the upper end of the control coil of relay K1 is conmected
to ground continuously, and the lower end of the coil of relay Kl is
either grounded through switch 170 and relay contact Kr ¢ and
pole Kld, or is simply disconnected when switch 170 opens. The
path through switch 168 and relay contact K2d and pole K2c is always
open for _the s;.vifdh. 174 position with contact 174a shown, such that
relay K1 cannot become .»bencr‘gi‘aed and thus, in turn, energize
the control coil of ralay K2 to complete the circuit for the coil of
solenoid latch 120 for any commutator 74 orientation. If programmer
switch 174 is actuated to connect with contact 174b at a time when
the commutator brushes have a relative slip ring pooiﬁou as
indicated by arrow 186 in E‘igureb 11, the ground is removed from

brush 804 at that moment, and connected to brush 80a for, say,

-20-
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0.2 second. Switch 168 and switch 170 are cloged as indicated
by the bars in Figure 11. The ground connection provided through
programmer switch }74 and contact 174b ia applied to both ends
of th? control coil of relay Kl in the foilowing paths, First, a
ground to the lov?er end of the control coil of relay Kl is applied
through switch 168, éontact K2d and pole K2c. Second, and
continuing the first path on through pole Kld, contact ch. awitch
170 and back around to the uppér end of the Kl coil, the upper
end of the Kl coil is also grmmded. Thus, the ccil of solenoid
iafch 120 cannot be energized for';his type of commutator orien-
tation. |

At an instantanecus commutator 74 orientation corres-
ponding to arrow 188, the switch 170 is open but switch 168 is
closed. Since brush 802 is connected to ground through contact
174b and switch 174, the oanly difference for the condition corres-
ponding to cornmutator 74 orientation‘ indicated by arrow 186, is
that the open switch 170 removes the ground from the upper .end
of the relay Kl coil. As a result, +28 volts d.c. is applied to
relay K1 coﬁ through resistor Rl #nd to ground through pole K2c,
contact K2d, closed switch 168 and awitch 174 connecting contact
174b to ground., Pole Kld accordingly is actuated to contact Kia,
and pole Kle to contact Kib. Since switch 168 ig cloged, pole
K1d only connects & ground to the upper end of the coil of relay K2
through contact Kla and resistor R2. The pole Kle, however,

broke the circuit of indicator lamp 178 causing it to go out when

«2]l-
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1 ' p_éla Kle connected a ground to contact Kib and the lower end
of tﬁe coil of solenoid latch 120. This energizes the solenoid

latch: 120 which relesses ievgi arm 118 to permit a shutter

Jporu'ﬂon. The harmonic cam"l30 :aibiefl lever arm 118 to a
“‘5 pcak-pdh;t qugﬁtly off the catcix of solenoid latch 120 at the
| moment that c?@uéator a‘yitc:l: 170 opens (commutator switch
168 being closed). The harmonic cam 130 can be simply an
'eccvoaétric drcuﬁar disc for producing wniform daceleration of
the butterfly blade 70, It should also be noted that the linear
10 ‘aam 136 has a helix profile which produces an equal linear rise
~ of set léuw‘ 132 for each degree rotation of the cam 136, Dia;
p,hchme;nt‘ of the. ﬁp of set screw 132 from the center of rotation
B -  of the lm;ur"eam. 136 plotted againgt angular rotation of the cam -
} 136 yields ﬂ‘lv,ltt“aight line.
35v S : The commutator .74 continues to r‘mato’ until an orientation
c_érr&spcn&lpg to arrow 190 (Fignrc 11) is reached, which is a

coadition hiﬂxﬂat.td that of arrow 186 when switch 170 closes.

However, commutator rotation is fast enough such that relay KI,

which has a relatively large drop-out time, does not become de-

- 20 energized as 'ﬁay_ be expected, in the narrow overlapping interval
. before vswitch‘ 168 opens and commutator rotation continues to a
positioa as represanted by the arrow 192. when awitch 166 is opened,
'nmovingbtho ground from the lower end: of relay Kl coil, This,
of course, energlaes relay K2 »thmngh resistor R2 and pole Kld

2% still making with contact Kla. The rel&ykz. when energized,

“22e
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1 breaks the circuit txdm the lower endiof the coil of relaf K1
to awitgh 168 and applies +28 vomvd‘. ¢. through reaisto;- Rl,
pole K2a and contact K2b to‘thﬁ cofl of relay K2 to hold the
"relay K2 energised, .until u;witch 174 returns to contact 174a - I
[ to‘provid;a i ground to the uppo;* end:of the control coil of etill
_energized relay K2, de-.nargtzin# “.'* At the ‘a#mo t&me,‘ ‘_whan
. pole K2a makes with contact K2b, and with pole Kla still con-
_ mected to contact itla._ the current limiting resistor R2Z ie ef_(ec-»
tlvily éomc-téd aéroa; the coil o{ relay Kl, de-energizing it.

10 . Solenoid _latchbllo {s accorgupgly'devonerglud too, but since

| ‘relay K2 remains energised until switch 174 returne to conmét
174a, breaking the éround ‘ch‘-euit for the coil of K1, @uble |
cxpﬁauiel due to a long ground pulse is prevented.

The photocell a‘,rvo circuit 180 is shown in Figure 13.

15 . One of the main ’c.oméouant: of this circuit is a three position
single pole relay .nch ag a 20-0-20 microampere Weston Sen-
sitrol, for example. A ‘diagru'nmauc‘dra‘wing of the unit is illus-
tra‘ted in ﬂ’ignée i4_.‘ An arm 194 v£.a aormally ;:c.ntered between
two small magnetic contacts 196a and 196b. Bridge coil L1 1s

20 ‘connected between tho‘ centers of a bridge circuit to detect brk;ge

" unbalance, and a phlﬁng coil Lla {8 ﬁrovidad to periodically remrt;
the arm 194 baci; to its center poaition. from the‘ small magnetic
coatacts, 196a or 196b, to sample bridge unbalance everf second -
or so, | .

25 The bridge coil Ll is shown connected between thé centers

-23-
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1 of a bridge circult in Figure 13, and +28 volts d.c. 1 applied

th?ough resistor RS across the ends of the bridge., The left

Srang:h‘ of tﬁe bridge includes resistor li‘é in the upper'leg’. and

‘a transistor Ql in series with a resistor R7 in the lower leg.

R} - The rigﬁ: branch of tf:c bridga'inciudea‘refqlangce of po;entlém- |

‘ étei- 82in s.eriea jvmh resistor R3 in the upper leg, and a resis- ‘

tor R4 in the lower leg. An adjustment resistor R10 is connected
across the bridge coll Ki, capacitor Cl ‘connects the left branch
center to ground, and switch l"98 connects the right branch center

10 ' ~to ground. Capacitor Cl is niénply a stabilizing capacitance and
switch 198 ie only _claud for test p'urpoaes‘ .to unbalance the
bridge strongly. - |
‘ ‘ Tho: output of photocell 182 is fed to the base of tr@n—
istor Ql, the _colléctoi- o{;which is connected to the léft branch

15 _center and the emittoer connoctad, to resistor R7. For decreasing
brightness sensed by tho photocell 1'32. for example, the transistor
Ql resistance varios such that the potential of the left branch
center risog‘with respect to the right bran‘cvh center. Curreat

 will flow th:;cmgh Ll from loft'.tq lrlvght for this circuit condition,

20 Increasing Brijhmeu sensed by the .phozocell 182, of course,
results in current flowing through L1 from right to left, until
equilibrium is'aggﬁ pmuéa Sy proper po;iuoning of the wiper
of pot‘oqtiometer 82 by d, c, motqr'lls to rebalmc; the bridge.

The arm 194 is connected to +28 volts through resistor R@.

. 28 Contact 196a is connected to the left hand brush of the motor 48
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l - 'th.l"m‘:gh zhu coutrol coﬁ of brouivy L2 and contact 196b is connected
o to th- ﬂght hmd bruoh of 4. e. ‘motor 48 through the coil of
'rclay x..s. Muys L2 a.ud I.3 ara dcuble po!o. double throw re-
l_ara. Pole Lza in cmacwd to tbe upper end of coﬂ L2 aad pole -
5 L3ats connected to the upper end of coil L3. Pole L3b is con-
© nected to the foft brush of d. . motor 48 and pole L2b is con-
| nected to thd right brush of d. c. ‘.motor 48, The upper contacts
- for pole L3b and polc LZb are comeud to +28 volts and the |
f-lowor eoatncu for polo LSb and pole L2b are rupoctivoly con-
| 10 noctad to Hmit awitches 144 ’tn_d 146, Bpth cont_a.cta for poles
| Lza,andvl_.h: arfcpn’uected to ground through capacitor C2,
| For curreat in coil L1 going from left te right, the arm
194 it moved 'to: contact 196a, for example, and current from
'usli_amr RS will ,ﬂeﬁ through coil v_r..z; pole L3b and ‘the loé:er
' ‘115 ; conmt tharit;f.‘ llmit ;wite‘h' 144 to'ground; energising relay L2.
| " Pole Lh la then conmcted to ground throush capacitor C2 and
pole Lab ia actuated to its upper comtact. 'rm applies +28 volts
to d.a. motor GG,Irom the right bmsh to pole L3b and ite lower
contact to ground throug}x li:#it switch 144, D.c. motor 48 »is'

20 ‘gcéordhgly' energized to reposition the wiper of potentiometer 82

to raba_un_ée the bﬂdgc. The pulsing coil Lla periodically returns

arm 194 to éﬁntet poiiﬂon whdra it romtino if circuit equilibrium
v(brldgo bahncoé and no currcnt !lovu fn coil Ll) has been estab-

ulhaé. The charge on capacltor CZ will koep relay k2 energized

25 during this puleing interval. If the bridge bas been rebalanced,

-25-
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1 the arm 194 étéyn in its center poeition and relay L2 becomes
de-energized. A similar circuit behavior occurs if curraht
flows from right to left through coil L1, except, of course,

"arm 194 will make with conﬁct 196b and relay L3 is energized

5 such that +28 volts i{s applied to d c. motor 48 from the left
brush on through limit switch 146 to ground. D.c. motor 48
is then rotated in a reverse direction than before to adjust the
wiper of poteatiometer 82 for bridge rebalance.‘ |

When either limit switches 144 or 146 is actuated through

10 over-run, the d.c. motor 48 is de-energized and then re-energized

(reversed) to return the wiper of potentiometer 82 (and the ac-

| tuated limit switch) back into working range. For example, as-
suming rela_y L2 is energized iuch that pole L2b is actuated to
its upper contact, and then limit switch 144 is actuated to contact

15 144b through over-run, +28 volts will be applied to both sides
of d. c. motor 48 to stop the motéi'. The +28 ;rolta from actuated
limit switch 144 aleo de-energizes relay LZ,“ and pole L2b returns
to its lower contact and to ground through limit switch 146 and
contact 146a. D.c. motor 48 is thus reversed and encrgized until

20 limit switch 144 {s ramrﬁ.od to contact 144a and ground,

The contacts 196a and 196b are small magnets and a
puleing coil Lla is necessary to periodically move the arm 194
back to its center position so that arm 194 will then be driven in
a direction according to the instantaneous direction of current

25 flow through coil L1. The puleing coil Lla connects +28 volts

-26-
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to the left contact of a single pole, double throw relay L4. The
pole L4a of relay L4 is connected to ground, and a capacitor C3
is';:onnacted across the control coil of L4, as shown in Figurc '
13. The up‘per‘ end . of the coil L4 is connected to +28 volts through
5 a resistor R9. The coil L4 ia energizad Lgra'duany with pole L4a
spring-~loaded to its rigi:t contact, ag the voltage across capacitor
C2 builds up in the R-C circuit including resistor R9. 'When
sufficient voltage i8 built up across coil L4, pole L4a is actuated
to its left contact, qnoig;zing the pulsing coil Lla which returns
10 the arm 194 back to itsi center position from one of the small
magnetic contacts 196a or 196b, Capacitor C3 quickly discharges
_ through coil 14 to retur? pole L4a back to its original position,
and the cycle is started over again. It is apparent that the puliing
rate can be easily varied by varying the value of resfstor R9 and/
i5 or capacitor C3,
Although dimenaionﬁ. component types and values havé
been indicated in the description and drawings, specific values
and data are given as oxam{:lon only, and do not qecessarily re-
strict or limit the scope of the invention. The data is only intended
20 to provide an example of a satisfactory working model. It is .to be
understood that the particular embodiments of the invention de-
scribed above and shown in ihe drawings are merely illustrative
of and not restrictive of the broad inveuﬁon. and that various changes
in deiign. structure and arrangement may be made without departing

25 {from the spirit and scope of the broader of the appended claims.
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We claim:
1 o B -1. . Shutter mechanism, cempriéﬁng: an opaque shutter
2 , :hem’ber. having a tnnpmiuiée area therein, said shutter momber
3 being a‘do.pte'd to be rotated at & constant spoed; an opaque cover
4 ‘ mémbo't for cSvi{;’ring the trangmissive area; differential means
5 for 'rotatl‘ng‘.aai‘d ;:over mambe? in synchronism with said shutter
6 B .membcr’s and means for varying said differential means for moving
‘7 said cover member relative to said shutter mem§er. to uncover
8 tho ﬁmnmh_ﬂvo area for a predetermined portion of a revolution,
-1 2. The invention according to Claim 1 wherein said differ-
g 2 o?xﬁal varying means includes moaﬁé fﬁr linearly regt_xlating the
| | 3 ‘amount of movement of said cover member relative to said shutter
4 member. |
1 3, The invention according to Claim 2 including, in addi-
2 . tion, photogoi\sldva means for ’aexnin'g the brightnees of a viewed
3 | scene and providing an output signal proportional'té the sensed
4 brightness, said lh‘ioax; reg’ulating means being connected to said
5 photosensitive means for regulating the amount of movement of
6 -iid cover member relative to said shutter member according to
7. - the output of o;id photosensitive means, |
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1 4. Shuttet mechanism, comprising: an opaque shutter
2 disc having a tranamxasive sector therein, said lhutter disc
3 being adapted to be rotated at a constant spedd; an opagque butter-
4 fly blade for covering the transmissive sector; means for rotating
5 " said butterfly blade in synchronism with said shutter diac; and
6 meana for varying said rotating means for moving szid butterfly
it
7 blade relative to said shutter -dis;. to uncover the tranasmisasive
8 sector for a predetermined portion of a revolution.
1 5. The inveation accor@g to Claim 4 wherein said
2 ;omting means includes a differential gear train arranged in a
3 variable quadrilateral with a gear mounted at each corner, the
4 quadrilateral having diagonal axes whichk can be compressed and
5 oprnded to change the relative angular poeition of 8 gear connected
6 to said butterfly blade.
1 6. The‘invent.!on according to Claim 5 wherein said
2 differential varying means includes a springnloaded lever arm
-3 connected to comrpress and axpand a diagonal axis of the variable
4 qﬁadrilaterni, latch means for holding said spring-loaded lever
5 arm iﬁ a reference position, means for restraining said lever arm
6 to a released position, and means for re~positioniag sald lever
7 arm to the reference position.
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1 7. A camera shutter, comprisingﬁ an opaque shutter
2 disc having a transparent sector therein, said shutter disc being
3 adapted to be rotated at a constant speed; an opaque vbut&erﬂy
4 blade for covering the tranabaront sector; differential means
5 for rotating said butterfly blade in synchronism with said shutter
6 | disc; and means for varying said differential means for moving
7 said butterfly blade relative to said shutter disc, to uncover the
8 traneparent sector for a predetermined portion of a revolution.
1 : 8. The invention according to Claim'7 including, in
2 addition, photosensitive means for sensing the brightness of a
3 viewed scene and providing an output signal proportional to the
4 sensed brightness; and means responsive to the outppt signal for
5 regulating eaid differential varying means whereby ths amount
6 of movement of said butterfly blade relative to‘ said shutter disc
7 varies according to the output of said photossensitive means.
1 9. The invention according to Claim 8 including, in
2 addition, control circuitry connecting said photosensitive means
3 and said regulating means for periodically sampling the output of
4 said pbotoéanaitive means. |

Declassified and Approved For Release 2012/06/14 : CIA-RDP89B00487R000400680001-7



Declassified and Appl:gved For Release 2012/06/147; CIA-RDP89B00487R000400680001-7

10
11

12

57-3

10. The invention according to Claim 7 wherein said
differeatial means includes ataﬂferantial gear train arranged
ia a variable quadrilateral with a gear mounted at each coraer,
the quaérﬂate:alv'having diagdn;al axes which can be compreseed
and expanded to chaﬁge the relatlvé angular position of a gear
c:;ane‘cted to said butterfly blade, and said differential varying
means includes a spring~loaded lever arm coanected to compress
and expand a ciia.gonél axis of the varfable quadrilateral, latch
means for kolding said springidoaded lever arm in a r§fereuce

position, means for restraining said lever arm to a releaged

'pogieion. and means for re-positioning said lever arm tc tha 4

reference poaition.

11. The invention according to Claim 10 whoerein re-
straining means includes a linear cam, said linear cam being
variable Qx position for regulating the released position of said
lever #’tm. whereby the amount of movement of said butterfly

blade relative to said shutter disc can be controlled.
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1 12. The invention according to Claim 10 wherein said

r ré~positioning means incl_udea a harmonic cam ad;).pted io be

3 driven in synchronism with said shutter disc, said harmonic

4 cam being profiled to raise said lever arm Qlightly off said '

5 latch means at a peak point, whereby said latch means can be

6 actuated at such point with ease and certainty.

1 13. The iavention according to Claim 12 wherein said

2 latch means includes a solenoid latch, said solenocid latch b‘eing

3 operatively responsive to an electrical pulse, and including, in

4 addition, an electrical control circuit for permitting energiration

5 of said solenoid latch by the electrical pulse only when said lever

6 arre is raiced off said latch means.

1 14. The invention according to Claim 12 wherein said

2 latch means includes a solenoid latch, said solenoid latch being

3 operatively responsive to an electrical pulse, and including, in

4 addition, an electrical‘contrcl circuit for preventing continued
5 energization of sald solenoid latch longer than a single rotation

6 of said shutter disc after application of the electrical pulse.
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1 15. The iavention according to Claim 14 wherein said
2 electrical control circuit includes commutator sxvitching meane
3 synchronized with said harmonic cam, and rslays controlled by
4 said cormmutator switching means and connected to preveat

[$3)

double exposures for a long electrical pulee, by said camers

6 shutter,

1 16. The focal plane shutter constructed and adapted to
2 operaste substantially as described with reference to the attached
3 drawings.
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